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Objective: Aseptic loosening of artiﬁcial knee joints induced by wear particles from a tibial polyethylene
(PE) insert is a serious problem limiting their longevity. This study investigated the effects of grafting
with our original biocompatible phospholipid polymer 2-methacryloyloxyethyl phosphorylcholine
(MPC) on the insert surface.
Methods: The hydrophilicity of the PE surface was determined by the contact angle of a water droplet,
and the friction torque was measured against a cobaltechromium alloy component. The wear amount
was compared among PE inserts with or without cross-linking and MPC grafting during 5 106 cycles of
loading in a knee joint simulator. The surfaces of the insert and the wear particles in the lubricant were
subjected to electron and laser microscopic analyses. The mechanical properties of the inserts were
evaluated by the small punch test.
Results: The MPC grafting increased hydrophilicity and decreased friction torque. In the simulator
experiment, the wear of the tibial insert was signiﬁcantly suppressed in the cross-linked PE (CLPE) insert,
and even more dramatically decreased in the MPC-grafted CLPE insert, as compared to that in the non-
cross-linked PE insert. Surface analyses conﬁrmed the wear resistance by the cross-linking, and further
by the MPC grafting. The particle size distribution was not affected by cross-linking or MPC grafting. The
mechanical properties of the insert material remained unchanged during the loading regardless of the
cross-linking or grafting.
Conclusion: Surface grafting with MPC polymer furnished the PE insert with wear resistance in an
artiﬁcial knee joint through increased hydrophilicity and decreased friction torque.
 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Total knee arthroplasty (TKA) and total hip arthroplasty (THA)
are effective treatments for patients with severe arthritis of the
joints. Recent surveys revealed that the number of surgical proce-
dures are growing faster than ever due to the expansion of the
elderly population1,2. Despite improvement in the implant design
of the prostheses and the surgical technique employed, the aseptic
loosening caused by periprosthetic osteolysis is a serious problem
limiting their survivorship and clinical success2,3. The osteolysis is
triggered by the host inﬂammatory responses to the polyethylene
(PE) wear particles originating from the interface4,5, which induceiroshi Kawaguchi, Sensory &
rsity of Tokyo, Hongo 7-3-1,
30473; Fax: 81-3-3818-4082.
. Kawaguchi).
s Research Society International. Pthe phagocytosis by macrophages and the following secretion of
bone resorptive cytokines6. Hence, aiming at reduction of the PE
wear particles, various trials have been performed. Of these, highly
cross-linked PE (CLPE) achieved the most successful reduction in
the wear rate compared with the conventional PE7e13, and is now
widely used in clinical settings14,15.
In natural synovial joints under physiological conditions, ﬂuid
ﬁlm lubrication by the intermediate hydrated layer is known to be
essential for the smooth motion16,17, and a nanometer-scaled
phospholipid layer which covers the joint cartilage surface provides
hydrophilicity and works as an effective boundary lubricant18.
Hence, grafting a phospholipid-like layer on the surface may realize
ideal hydrophilicity and lubricity resembling the physiological joint
surface. The 2-methacryloyloxyethyl phosphorylcholine (MPC)
polymer is our original biocompatible polymer whose side chain is
composed of phosphorylcholine mimicking the neutral phospho-
lipids of biomembranes19 [Fig. 1(A)]. The MPC grafting onto the
surface of medical devices has already been shown to suppressublished by Elsevier Ltd. All rights reserved.
Fig. 1. Analyses of CLPE surfaces with and without MPC grafting. (A) A scheme of the TKA prosthesis with the MPC polymer graft onto the CLPE surface of the tibial insert. The MPC
polymer, a biocompatible polymer with side chain composed of phosphorylcholine resembling the phospholipid of biomembrane, is bound to the CLPE insert by the covalent bond
with a photoinduced graft polymerization technique. A transmission electron microscope image of the surface is shown on the right. The blue and red lines indicate the MPC layer
and the tibial insert surface, respectively (scale bar, 20 nm). (B) X-ray photoelectron spectra of the CLPE and MPCeCLPE surfaces. The peaks in the nitrogen (N1s) and phosphorus
(P2p) atom regions at 403 and 135 eV, respectively, are speciﬁc to MPC. (C) FT-IR/ATR spectra of the surfaces. Absorptions representing the phosphate group (PeO) at 1240, 1080, and
970 cm1, and ketone group (C]O) at 1720 cm1 are speciﬁc to MPC, while the methylene group (CH2) at 1460 cm1 is common with and without MPC. (D) Hydrophilicity
determined by the contact angle of a water droplet with the CLPE and MPCeCLPE surfaces. Data are expressed as means (bars)  95% conﬁdence intervals (CI; error bars) for 10
surfaces/group. *p< 0.0001 vs CLPE.
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intravascular stents, soft contact lenses and the artiﬁcial lung under
the authorization of the Food and Drug Administration (FDA) of the
United States20,21. Aiming at the elimination of periprosthetic
osteolysis in THA, we have developed a novel hip CLPE liner with
graft polymerization of MPC on its surface, and found that thegrafting dramatically decreased the production of wear particles
using the THA simulator22e25. The MPC grafting increased the
lubricity on the surface of the liner without affecting the physical or
mechanical properties of the CLPE substrate22. In addition, the
MPC-grafted particles were biologically inert and did not cause
subsequent bone resorptive responses24, indicating that this
T. Moro et al. / Osteoarthritis and Cartilage 18 (2010) 1174e11821176technology prevents wear particle production and the biologic
reaction to such particles in THA. Since we further conﬁrmed the
stability of the MPC polymer on the surface even after gamma-ray
irradiation for the sterilization25,26, it is believed that there is
probably no theoretical drawback or risk of this technology for
clinical use. Besides THA, this technology might possibly be appli-
cable to TKA in which PE particles are also thought to initiate per-
iprosthetic osteolysis4e6. A study projected that TKA and THA will
grow by 601% and 137%, respectively, between 2005 and 203027,
indicating that the trend of the increases is considerably more
pronounced for TKA than for THA. The increases and future esti-
mates have contributed to our undertaking of the present study on
the effects of surface grafting of the MPC polymer on the wear and
properties of tibial inserts for the longevity of TKA.
Materials and methods
Materials
Our original TKA system based on STK-01 (Japan Medical
Materials Corporation, Osaka, Japan) with posterior cruciate
retention design and single radius surface was used for the simu-
lator experiment. For cross-linking, a compression-molded PE (GUR
1020) bar stock was irradiated with a 50 kGy gamma-ray and
annealed in nitrogen gas. MPC was synthesized and puriﬁed as
previously reported19. For the grafting, CLPE tibial inserts were
placed in the MPC solution (0.5 mol/L), and photoinduced poly-
merization on the surface was carried out using an ultra-high
pressure mercury lamp (UVL-400HA, Riko-Kagaku Sangyo Co., Ltd.,
Chiba, Japan), as previously reported23e25,28. All inserts were ster-
ilized with a 25 kGy gamma-ray in nitrogen gas.
Surface analyses
The elemental conditions of the CLPE surfaces with and without
MPC grafting were analyzed using highly sensitive X-ray photo-
electron spectroscopy (AXIS-HSi165, Kratos/Shimadzu Corp., Kyoto,
Japan). The functional group vibrations of the surfaces were
examined by Fourier-transform infrared spectroscopy with atten-
uated total reﬂection (FT-IR/ATR; FT/IR615, JASCO Co., Ltd., Tokyo).
Hydrophilicity was determined by the static water contact angles
on the surfaces of the CLPE and MPC-grafted CLPE (MPCeCLPE)
plates using the sessile drop method, according to the International
Organization for Standardization (ISO) 15989. Drops of puriﬁed
water (1 mL) were deposited individually on the plate surface, and
the contact angles were directly measured with an optical bench-
type contact angle goniometer (Model DM300, Kyowa Interface
Science Co., Ltd., Saitama, Japan) after 60 s of dropping.
Friction test
The dynamic coefﬁcients of friction between the PE, CLPE, and
MPCeCLPE plates and a cobaltechromium alloy ball were
measured using a ball-on-plate machine (Tribostation 32, Shinto
Scientiﬁc Co., Ltd., Tokyo), according to the American Society for
Testing and Materials (ASTM) F73229. The friction tests were per-
formed at room temperature with a load of 0.98 N, sliding distance
of 25 mm, and frequency of 1 Hz in distilled water containing 27%
bovine serum (Sigma Chemical Corp., MO), 20 mM/L ethylene
diamine tetraacetic acid and 0.2 mass% sodium azide.
TKA simulator experiment
A TKA simulator test was performed under the conditions rec-
ommended by ISO 14243 using a 6-station TKA apparatus(Advanced Mechanical Technology, Inc., MA) with 6-mm-thick PE,
CLPE, or MPCeCLPE tibial inserts against the cobaltechromium
alloy femoral component. The abovementioned distilled water
containing 27% bovine serum was used as the lubricant and
replaced every 5105 cycles, according to ISO 14243-1. The
conditions of stance-phase kinematics were 0e58 ﬂexion-
extension, 5.2 mm anterioreposterior translation, and 1.9e5.7
internaleexternal rotation. A simulating physiologic loading curve
with a normal gait pattern and 2.60 kN peak load (heel
strike¼ 2.60 kN, toe off¼ 2.43 kN) was applied at a frequency of
1 Hz, according to ISO 14243-3. The simulator was run up to 5106
cycles for 3 months. At intervals of 5105 cycles the liners were
removed from the simulator and weighed on a microbalance
(Sartorius GENIUS ME215S, Sartorius AG, Gottingen, Germany) to
determine the wear amount. Since the inserts are known to absorb
water during their soak in the lubricant10,30, we also measured the
weight gain of the inserts which were axially-loaded cyclically to
the femoral components with the same pressure as the TKA
simulator, but without rotational motion (load-soak control)
according to ISO 14243-2 (section 4.5). Thewear amount in the TKA
simulator was estimated to be the weight loss of the inserts in the
simulator after correction by the average weight gain in the
respective load-soak controls.
The morphological change of the inserts was measured using
a three-dimensional coordinate measurement instrument (BHN-
305, Mitsutoyo Corp., Kawasaki, Japan) and reconstructed using
three-dimensional modeling software (Imageware, Siemens PLM
Software Inc., TX, USA). To evaluate the actual change of surface
morphology caused by wear, the surface of tibial inserts was
observed with a confocal scanning laser microscope (OLS1200,
Olympus Corp., Tokyo). The remainder of the MPC layer after the
simulator test was examined with a transmission electron micro-
scope (JEM-1010, JEOL Ltd., Tokyo) at three spots randomly selected
on cross sections of the MPCeCLPE surface. Assessment by the
X-ray photoelectron spectrophotometry was difﬁcult due to adhe-
sive proteins that were degraded and precipitated by the friction
heat on the surface.
Analyses of wear particles
Wear particles isolated from the lubricant were analyzed
according to the ASTM F1877-05 standard. For the isolation, the
lubricant after testingwas incubatedwith 5 mol/LNaOHsolution for
3 h at 65C in order to digest adhesive proteins that were degraded
and precipitated. To avoid artifacts, contaminating proteins were
removed by extraction with sugar solution (1.05 g/cm3) and iso-
propyl alcohol solutions (0.98 and 0.90 g/cm3). After centrifugation
at 4,000 rpm for 3 h at 5C, particles were collected, subjected to
sequential ﬁltrations (0.1 mm of minimum pore size)9,31, and digi-
tally imaged on a scanning electron microscope (S-3400N, Hitachi,
Ltd., Tokyo). An image-processing program (Scion image, Scion
Corp., Frederick, MD) based on the NIH Image Software was used to
measure the total number, area, and volume of wear particles per
106 cycles32,33. The particle size distribution was expressed by the
equivalent circle diameter calculated from the total number and the
total area in each insert.
Small punch test
To evaluate the mechanical properties of the tibial inserts before
and after the testing, we performed the small punch test, according
to ASTM F2183-027,34. Four plugs were harvested from medial and
lateral wear-track areas of each insert, perpendicular to the joint
surface. Two disk specimens (6.4 mm in diameter and 0.5 mm in
thickness) were machined from each plug, representing the surface
Fig. 2. Friction and wear amounts of tibial inserts with or without cross-linking and
MPC grafting in the TKA simulator. (A) Friction torque of surfaces of PE, CLPE, and
MPCeCLPE plates against a cobaltechromium alloy femoral ball. Data are expressed as
means (bars)  95% conﬁdence intervals (CI; error bars) for three plates/group.
*p< 0.0001 vs CLPE. (B) Load-soak control experiment. Water absorption of the inserts
which were axially-loaded cyclically to the femoral components with the same pres-
sure as the TKA simulator, but without rotational motion. Data are expressed as means
(symbols) for two inserts/group. (C) Time course of wear amount in the TKA simulator
during 5106 cycles of rotational motion and axial-loading against cobaltechromium
alloy femoral components. The amount was estimated from the weight loss of the
inserts after correction by the average weight gain in the respective load-soak controls
as shown in (B) (weight loss in the TKA simulatorþ average of weight gain in the load-
soak control). Data are expressed as means (symbols)  95% CI (error bars) for three
inserts/group. p-values in every 106 cycle interval are shown in Table I.
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1.5e2.0 mm, respectively, from the joint surface. Each disk was
placed in a custom-made device consisting of a cylindrical disk
holder and a hemispherical-head steel punch, mounted on
a compression tester (Instron 5600R1, Instron Corp., Norwood,
MA), and deformed by indentation with the punch moving at
a displacement rate of 0.5 mm/min.
Statistical analysis
Means of groups were compared by ANOVA and signiﬁcance of
differences was determined by post-hoc testing using Bonferroni’s
method.
Results
Analyses of CLPE surfaces with and without MPC grafting
The MPC polymer was grafted through photoinduced poly-
merization onto the CLPE surface of the tibial insert of the TKA
prosthesis [Fig. 1(A)]. Successful grafting was conﬁrmed by X-ray
photoelectron spectroscopy [Fig. 1(B)] and FT-IR/ATR spectroscopy
[Fig. 1(C)]. The spectra for nitrogen and phosphorus atoms were
detected only on the MPCeCLPE surface, but not on the CLPE [Fig. 1
(B)]. These peaks were characteristic of the phosphorylcholine
present in the MPC units, since they were assigned to the
Nþ(CH3)3 and phosphate groups, respectively. The FT-IR/ATR
spectra representing the phosphate group (PeO) at 1240, 1080 and
970 cm1, and ketone group (C]O) at 1720 cm1 were also
conﬁrmed to be detected only on the plates with MPC grafting
[Fig.1(C)]. The contact angle of awater drop on theMPCeCLPE plate
surface was about 1/3 that of the CLPE plate surface [Fig. 1(D)],
indicating that MPC grafting increased hydrophilicity.
Effects of cross-linking and MPC grafting on the friction and wear
of tibial inserts in a TKA simulator
We initially compared the friction torques of the surfaces of PE,
CLPE, and MPCeCLPE plates against a cobaltechromium alloy
femoral ball. Although the cross-linking by itself did not alter the
friction torque, theMPC grafting on the CLPE surface decreased it by
88% [Fig. 2(A)].
We then examined the wear of the tibial inserts with or
without cross-linking and MPC grafting using a TKA simulator
during 5106 cycles of rotational motion and axial-loading
against cobaltechromium alloy femoral components. Considering
that the inserts absorb water and gain weight during their soak in
the lubricant10,30, we initially performed a preparatory experiment
called load-soak control in which the inserts were axially-loaded
cyclically to the femoral components with the same pressure as
the TKA simulator, but without rotational motion. The tibial
inserts showed comparable weight gains during 5106 cycles,
regardless of the presence or absence of cross-linking and MPC
grafting [Fig. 2(B)]. We then estimated the wear amount in the
TKA simulator as the weight loss of the inserts after correction by
the average weight gain in the respective load-soak controls. The
corrected weight loss of the non-cross-linked PE insert repre-
senting the wear amount was increased in a cycle-dependent
manner [Fig. 2(C)]. This was signiﬁcantly suppressed in the CLPE
tibial inserts, clearly demonstrating that the cross-linking
provided wear resistance. The MPCeCLPE showed a further
decrease in the wear amount. When the corrected weight loss was
counted every 106 cycle interval, both cross-linking and MPC
grafting were shown to maintain similar wear resistance in all
intervals (Table I). The MPCeCLPE insert did not lose weight, butinstead gained weight even after the correction by water
absorption in the load-soak control [Fig. 2(C), Table I], suggesting
underestimation of the load-soak control, as pointed out in
previous reports5,7,10,12.
Table I
Wear amount estimated by the corrected weight loss in every 106 cycle interval
Cycles (106) PE CLPE MPCeCLPE
P-value (vs PE) P-value (vs CLPE)
0e1 1.47 (1.79e3.01) 0.37 (0.08e0.81) 0.0895 0.60 (1.28e0.08) 0.0098
1e2 2.65 (0.89e4.40) 0.31 (0.19e0.82) 0.0061 0.85 (1.06e0.63) <0.0001
2e3 2.98 (1.11e4.85) 0.52 (0.03e1.00) 0.0063 0.55 (0.59e0.51) <0.0001
3e4 3.04 (1.03e5.05) 0.36 (0.08e0.81) 0.0053 0.26 (0.66e0.13) 0.0193
4e5 2.50 (1.12e3.88) 0.09 (0.15e0.34) 0.0004 0.40 (0.48e0.33) 0.0001
Average 2.53 (0.90e4.15) 0.33 (0.26e0.40) 0.0051 0.53 (0.77e0.30) <0.0001
Data except the p-values are expressed as means and 95% CI in parentheses of mg/106 cycles for three inserts/group.
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medial and lateral surfaces of the three kinds of tibial inserts
conﬁrmed the wear resistance by the cross-linking and MPC
grafting [Fig. 3(A)]. During testing up to 5106 cycles, the cross-
linking increased the wear resistance as compared to the non-
cross-linked PE, and the MPC grafting further enhanced it. Confocal
scanning laser microscopic analyses of the insert surfaces revealed
that the original machine marks that were clearly visible before the
testing still remained on the MPCeCLPE surfaces even after 5106
cycles, while theywere completely obliterated not only on the non-
cross-linked PE, but also on the CLPE surfaces [Fig. 3(B)]. Further-
more, the transmission electron microscope analysis showed that
two out of three randomly selected spots on an MPCeCLPE surface
were covered by the MPC polymer layer even after 5106 cycles of
testing [Fig. 3(C)].
Whenwe analyzed thewear particles isolated from lubricants in
the TKA simulator, the amounts shown by the total number, area,
and volume of particles were decreased by cross-linking, and were
almost abrogated by the MPC grafting [Fig. 4(A)]. However, there
was no signiﬁcant difference of the particle size distribution among
the three inserts, the great majority of them being 0.5e1.0 mm
[Fig. 4(B)], as previously reported35,36.
Effects of cross-linking and MPC grafting on mechanical properties
of tibial inserts in a TKA simulator
In addition to the wear resistance, the mechanical properties of
the tibial insert are another important factor in the longevity, since
contact stress during activities of daily living are thought to be
stronger in the knee joint than in the hip joint, due to low
conformity and the small contact area in the tibiofemoral joint
geometry5,9. Hence, we compared the mechanical properties of the
three kinds of inserts before and after 5106 cycles by the small
punch test on the surface and subsurface specimens (Table II). As
previously reported7,34, cross-linking slightly, although not signif-
icantly, reduced the ultimate displacement and the work to failure,
but not the ultimate load, before the testing, indicating a decrease
in elasticity. However, the MPC grafting altered neither of the
parameters of the CLPE inserts, nor was there any difference
between before and after the testing in the three kinds of inserts.
Furthermore, there was no difference between the surface and
subsurface specimens even after the testing. These ﬁndings indi-
cate that the mechanical properties remain unchanged during the
testing, regardless of the presence or absence of cross-linking and
MPC grafting.
Discussion
Although a series of our previous studies have shown that MPC
grafting is promising to extend the longevity of THA22e25,28, this
might not be true for TKA due to different mechanisms of motion
between hip and knee joints. Unlike the highly congruent ball-and-socket articulation in the hip joint, the geometry and articulation of
the knee joint is complex. Hence, in TKA, PE wear occurs from
a combination of rolling, sliding, and rotational motions over the
bearing surface, so that this may lead to delamination, pitting, and
fatigue failure of the PE surface. Contrarily, the wear in THA occurs
primarily as a result of microadhesion and microabrasion5. Despite
themechanistic difference, the present study revealed that theMPC
grafting is also promising for the TKA longevity, similarly to THA.
The MPC grafting increased hydrophilicity and decreased the
friction [Figs. 1(D) & 2(A)], and our previous study showed that the
water fraction on the MPC polymer surface is kept at a higher
level37. Although the MPC polymer layer partially remained even
after the TKA simulator experiment [Fig. 3(C)], the load-soak
control experiment showed that the weight gainwas similarly seen
regardless of the presence or absence of the MPC grafting [Fig. 2
(B)]. These conﬁrm that the reduction of the insert weight loss by
MPC grafting is not due to the weight of water itself retained in the
remaining MPC layer, but due to the wear resistance caused by the
water fraction. Hence, as in natural synovial joints16,17, the
enhancement of wear resistance is likely attributable to the ﬂuid
ﬁlm lubrication by the intermediate hydrated layer formed by the
MPC polymer that contains phosphorylcholine mimicking the
natural phospholipids19.
Although the difference in the effectiveness of cross-linking
between THA and TKA is controversial, several studies using TKA
simulators have reported the preventive effect on the insert
wear7e13. Among the reports, Fisher et al. reported the wear rates
per 106 cycles being 13.8 4.3 mg in CLPE vs 24.5 6.4 mg in the
conventional PE9. Muratoglu et al. reported 0.7 0.1 mg in aged
CLPE, 8.8 1.5 mg in conventional PE, and 9.6 3.6 mg in aged
conventional PE10; and recently 5.3 2.1 mg in CLPE vs
16.0 4.3 mg in conventional PE11. The present wear rates were
0.3 0.4 mg in CLPE vs 2.51.6 mg in conventional PE (Table I).
Although the absolute values are different among the reports,
probably dependent on several factors like protocol of the simu-
lator test, design of the implant, degree of cross-linking and
method of sterilization, all reports support the preventive effects on
the PEwear, similarly toTHA. Unlike theMPC grafting, cross-linking
suppressed the wear production without affecting the friction
[Fig. 2(A)]. This implies that cross-linking does not alter the surface
lubricity, but was responsible for the resistance to wear, probably
by improving the mechanical properties. However, it has been
shown that mechanical properties of a PE insert decrease
depending on the irradiation dosage, causing fatigue and brittle-
ness38,39. A recent report using a small punch test after the TKA
simulator experiment showed that a simulator-tested PE that had
received more than 150 kGy showed lower toughness, but one that
had received 35e75 kGy exhibited somewhat higher toughness
than equivalent material without irradiation, suggesting that an
optimal irradiation dose for cross-linking would be less than
100 kGy7. In the present study, we selected 50 kGy irradiation for
the cross-linking, and in fact, none of the parameters of the small
Fig. 3. Optical ﬁndings of the surfaces of the three inserts in the TKA simulator. (A) Three-dimensional morphometric analyses of medial (M) and lateral (L) surfaces of the PE, CLPE,
and MPCeCLPE inserts before (pre) and after 1, 3, 5106 cycles. Scale bars, 5 mm. (B) Confocal scanning laser microscopic analysis of the medial contact areas in the three insert
surfaces before (pre) and after 5106 cycles (post). Scale bars, 100 mm. (C) Transmission electron microscope images of one of three randomly selected spots on the surface of an
MPCeCLPE insert before (pre) and after 5106 cycles (post). Scale bars, 100 nm.
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parameters of elasticity (ultimate displacement and the work to
failure) were slightly decreased before the testing.
In addition to enhancement of wear resistance of the tibial
inserts, reduction of bone resorptive responses to wear particles
generated is important for the prevention of periprosthetic
osteolysis. The responses are dependent not only on the total
amount of particles, but also on the proportion of those which are
within the most biologically active size range40. The present anal-
ysis of the wear particles isolated from lubricants in the TKAsimulator revealed that cross-linking and MPC grafting dramati-
cally decreased the total amount of particles with little effect on the
particle size (Fig. 4). Since the majority from the three kinds of
inserts were submicrometer and nanometer-sized particles which
are consistent with previous reports35,36 and known to induce
inﬂammatory responses40e42, the suppression of particle amount
by the cross-linking and MPC grafting will aid in the effective
prevention of periprosthetic osteolysis.
One limitation of this study is the conﬁned period of simu-
lator testing. Although the 5106 cycles in the TKA simulator
Fig. 4. Analyses of wear particles isolated from lubricants in the TKA simulator. (A) Scanning electron microscopic images of the wear particles from PE, CLPE, and MPCeCLPE
inserts. Scale bars, 5 mm. The graphs below show the total number, area, and volume of wear particles per 106 cycles. (B) Number of particles per 106 cycles in each size range of
equivalent circle diameter from PE, CLPE, and MPCeCLPE inserts.
T. Moro et al. / Osteoarthritis and Cartilage 18 (2010) 1174e11821180are comparable to 5e10 years of physical walking, this may not
be long enough for young active patients with rheumatoid
arthritis or fracture. We are now running the TKA simulator
longer, and so far have conﬁrmed almost no wear on the
MPCeCLPE tibial inserts after 1107 cycles. Another limitationTable II





Surface 4.3 (4.1e4.5) 4.4 (4.3e4.5) 3
Subsurface 4.2 (4.1e4.3) 4.3 (4.3e4.4) 3
Ultimate load (N) Surface 63.1 (62.5e63.7) 61.3 (60.9e61.7) 61
Subsurface 63.7 (63.1e64.3) 62.5 (61.2e63.8) 62
Work to failure (mJ) Surface 196.6 (186.0e207.2) 202.9 (197.3e208.6) 149
Subsurface 201.6 (197.6e205.6) 211.3 (200.7e221.9) 166
Ultimate displacement, ultimate load, and work to failure of disk specimens (6.4mm in d
subsurface (1.5e2.0 mm in depth) of the inserts. Data are expressed asmeans and 95 % CI i
groups (p> 0.05).of the TKA simulator experiment is that it does not entirely
capture the range of loading conditions of a knee, in terms of
either the variety of positions or the magnitude of loading,
although we nonetheless believe this experiment can provide
some indication of trends.inserts before (pre) and after 5106 cycles (post)
E MPCeCLPE
Post Pre Post
.4 (3.2e3.6) 3.4 (3.3e3.5) 3.5 (3.2e3.8) 3.6 (3.5e3.7)
.6 (3.5e3.7) 3.6 (3.5e3.7) 3.7 (3.5e3.9) 3.7 (3.6e3.8)
.9 (58.5e65.3) 62.5 (62.1e62.9) 65.8 (56.8e74.8) 60.5 (54.8e66.2)
.2 (61.9e62.6) 62.3 (61.5e63.1) 64.9 (60.8e69.0) 62.9 (60.7e65.1)
.0 (129.9e168.1) 147.6 (142.0e153.2) 156.3 (123.4e189.2) 157.0 (147.2e166.8)
.9 (155.9e177.9) 176.8 (170.7e182.9) 177.2 (161.0e193.4) 181.5 (177.4e185.7)
iameter and 0.5mm in thickness) taken from the surface (0e0.5 mm in depth) and
n parentheses for 8 disks/group. There was no signiﬁcant difference among the three
T. Moro et al. / Osteoarthritis and Cartilage 18 (2010) 1174e1182 1181From the present simulator experiment, we speculate that the
MPC grafting may make a signiﬁcant improvement in total joint
replacements by preventing periprosthetic osteolysis and aseptic
loosening not only in THA, but also in TKA. However, several vari-
ations of PE have been reported in the past to work well in simu-
lators, but were not successful in vivo43,44. In addition to the clinical
trial of THA which is now underway, we are currently designing
a trial for TKA to evaluate its clinical efﬁciency.Author contributions
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